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(57) ABSTRACT 

Disclosed is a symbol synchronization method in an OFDM 
based communication system Which includes multiple access 
nodes supporting Wireless connection of terminals, supports 
multi-connection of each terminal for the access nodes and 
performs synchronization by means of a cyclic pre?x. The 
symbol synchronization method includes monitoring con 
nection of a neW access node; setting a number of times by 
Which the neW access node transmits equal symbols and a 
number of times by Which at least one existing access node 
transmits the equal symbols When the connection of the neW 
access node is detected; transmitting the equal symbols by the 
determined number of times by each access node; and per 
forming synchronization by means of the symbols received 
from the access nodes by the terminal. 
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SYMBOL SYNCHRONIZATION METHOD 
FOR OFDM-BASED WIRELESS 
COMMUNICATION SYSTEM 

PRIORITY 

This application claims priority to an application entitled 
“Symbol Synchronization Method For OFDM-Based Wire 
less Communication System” ?led in the Korean Intellectual 
Property O?ice on Jul. 1, 2004 and assigned Serial No. 2004 
51077, the contents of Which are incorporated herein by ref 
erence. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a mobile communication 

system, and more particularly to a symbol synchronization 
method for an orthogonal frequency division multiplexing 
(OFDM)-based Wireless communication system. 

2. Description of the Related Art 
OFDM schemes are suitable for high speed data transmis 

sion through a Wire/Wireless channel. Recently, research into 
the OFDM scheme has been actively pursued. 

FIG. 1 is a diagram illustrating a general data transmission/ 
reception process in an OFDM system. As shoWn in FIG. 1, in 
an OFDM scheme, input data is serial-to-parallel converted 
based on the number of subcarriers, the output parallel data is 
modulated through an inverse fast fourier transform (IFFT), 
the modulated data is multiplexed on a time domain, a guard 
interval (GI) is inserted into the multiplexed data, and the 
multiplexed data is then transmitted. A reception-side 
restores the transmitted data through a fast fourier transform 
(FFT). Generally, in order to prevent inter carrier interference 
(ICI) from occurring in a predetermined FFT WindoW due to 
a synchronization error, a cyclic pre?x (CP) obtained by 
copying a last portion of an effective symbol interval is 
inserted and used as a guard interval. 

In an OFDM scheme, a symbol period increases as the 
number of subcarriers increases, While data transmission 
speed is maintained through an IFFT. Further, since an 
OFDM scheme uses a subcarrier having a mutual orthogo 
nality, the OFDM scheme has a bandWidth ef?ciency that is 
high as compared With the conventional frequency division 
multiplexing (FDM). Furthermore, since the OFDM scheme 
has a long symbol period, the OFDM scheme is strong against 
interference betWeen symbols as compared With a single car 
rier modulation scheme. 

Generally, a modulation/demodulation of an OFDM signal 
is e?iciently performed through an IFFT/FFT or an inverse 
discrete cosine transform (IDCT)/discrete cosine transform 
(DCT). HoWever, since data modulated by means of an IFFT 
in a modulation process may be restored into original data 
through an FFT of a reception-side, it is required to provide 
physical layer modules corresponding to the number of radio 
access routers (RARs) Which transmit data in order to simul 
taneously receive the data from different RARs. In other 
Words, When a terminal must maintain connections With tWo 
RARs in a particular situation such as a soft handover, the 
terminal must perform an FFT for each connection in order to 
maintain the connections With tWo RARs. 

Since an OFDM-based data transmission/reception 
scheme modulate/demodulate data by means of an IFFT/FFT, 
a terminal must separately process frames received from a 
plurality of radio access routers (RARs) in order to receive 
data from different RARs. 
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2 
A multi-connection method by Which a terminal including 

tWo physical layer modules processes signals received from 
tWo RARs is disclosed in patent publication a WO03017689 
to Laroia, et al. 

FIG. 2 is a block diagram illustrating a multi-connection 
method for supporting the mobility of a terminal in the con 
ventional OFDM-based system and FIG. 3 is a block diagram 
shoWing the construction of a terminal for a multi-connection 
in the system of FIG. 2. 

In FIG. 2, the terminal 302 maintains connections 410 and 
414 With tWo RARs 304 and 306. The connections 410 and 
414 include upWard control links 408 and 412 and doWnWard 
control links 409 and 413, and upWard data links 416 and 418 
and doWnWard data links 417 and 419. 

In order to connect With tWo RARs as described above, the 
terminal 900 includes an analog processing module 902, an 
analog/digital converter 904, a copy module 906, a pair of 
signal separating circuits 905 and 907, a pair of synchroniza 
tion loops 908 and 909, and a pair of main digital processing 
modules 912 and 914, as shoWn in FIG. 3. 

SUMMARY OF THE INVENTION 

The conventional terminal supporting such a multi-con 
nection must use tWo physical layer modules in order to 
support the mobility of the terminal in a situation such as a 
handover, thereby increasing the complexity of hardWare and 
the manufacturing cost. 

Accordingly, it is necessary to provide a method using one 
physical layer module for multi-connections With multiple 
RARs and a synchronization method for simultaneously 
receiving signals transmitted from the multiple RARs. 

Accordingly, the present invention has been made to solve 
at least the above-mentioned problems occurring in the prior 
art, and an object of the present invention is to provide a 
symbol synchronization method Which provides a data struc 
ture enabling a multi-connection betWeen one terminal and 
tWo or more RARs and supports such a multi-connection in a 
multi-carrier-based communication system. 

In order to accomplish the aforementioned object, accord 
ing to one aspect of the present, there is provided a symbol 
synchronization method in a multi-carrier-based communi 
cation system Which includes multiple access nodes support 
ing the Wireless connection of terminals, supports the multi 
connection of each terminal for the access nodes and 
performs synchronization by means of a cyclic pre?x, the 
symbol synchronization method including the steps of deter 
mining a number of times by Which each of at least tWo access 
nodes connected through a multi-connection determined 
When at least tWo Wireless environments transmit equal sym 
bols; transmitting the equal symbols the determined number 
of times by each access node; and performing by the terminal 
synchronization by means of the symbols received from the 
access nodes. 

In order to accomplish the aforementioned object, accord 
ing to one aspect of the present, there is provided a symbol 
synchronization method in an OFDM-based communication 
system Which includes multiple access nodes supporting 
Wireless connection of terminals, supports a multi-connec 
tion of each terminal for the access nodes and performs syn 
chronization by means of a cyclic pre?x, the symbol synchro 
nization method including the steps of monitoring 
connections of a neW access node; setting a number of times 
by Which the neW access node transmits equal symbols and a 
number of times by Which at least one existing access node 
transmits the equal symbols When the connection of the neW 
access node is detected; transmitting the equal symbols the 
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determined number of times by each access node; and per 
forming synchronization by means of the symbols received 
from the access nodes by the terminal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and advantages of the 
present invention Will be more apparent from the following 
detailed description taken in conjunction With the accompa 
nying drawings, in Which: 

FIG. 1 is a diagram illustrating a general data transmission/ 
reception process in an OFDM system; 

FIG. 2 is a block diagram illustrating a multi-connection 
method for supporting the mobility of a terminal in the con 
ventional OFDM-based system; 

FIG. 3 is a block diagram shoWing the construction of a 
terminal for a multi-connection in the system of FIG. 2; 

FIG. 4 is a block diagram shoWing a structure of a mobile 
IP-based 4G netWork to Which the present invention is 
applied; 

FIG. 5 is a diagram illustrating a data structure for a multi 
connection in an OFDM-based system according to a pre 
ferred embodiment of the present invention; 

FIGS. 6A and 6B are diagrams illustrating a symbol syn 
chronization method according to an embodiment of the 
present invention; 

FIG. 7 is a diagram illustrating synchronization When the 
number of times of a symbol repetition is set to be 3 in a 
symbol synchronization method according to an embodiment 
of the present invention; 

FIG. 8 is a diagram illustrating synchronization When the 
number of times of a symbol repetition is set to be 4 in a 
symbol synchronization method according to an embodiment 
of the present invention; 

FIG. 9 is a diagram illustrating a symbol synchronization 
method according to a second embodiment of the present 
invention; and 

FIG. 10 is a diagram illustrating a symbol synchronization 
method according to a third embodiment of the present inven 
tion. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

Preferred embodiments of the present invention Will be 
described in detail herein beloW With reference to the accom 
panying draWings. In the folloWing description of the present 
invention, a detailed description of knoWn functions and con 
?guration incorporated herein Will be omitted When it may 
obscure the subject matter of the present invention. 

It is dif?cult for a terminal to connect to tWo RARs at one 
point in time With respect to the IFFT/FFT characteristics of 
a multi-carrier-based communication system. The present 
invention uses one data channel in a sWitching mode betWeen 
RARs according to the movement of the terminal, thereby 
preventing a Waste of resources. Simultaneously, the present 
invention maintains connections With tWo RARs during a 
handoff by means of tWo control channels, thereby enabling a 
fast sWitching Which is one bene?t of a soft handoff. 

FIG. 4 is a block diagram shoWing a structure of a mobile 
IP-based 4G netWork to Which the present invention is 
applied. 

In FIG. 4, a core netWork 41 includes intermediate routers 
IRs 45a and 45b that support the mobility of a terminal rising 
IP technology, and a local gateWay (LGW) 43. The core 
netWork 41 is connected to an external netWork such as the 
Internet through the local gateWay 43. The intermediate rout 
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4 
ers 45a and 45b are connected to RARs 47a, 47b and 470 and 
provide a service to terminals Within their oWn service cov 
erage areas. The RAR is an apparatus obtained by integrating 
functions of an radio netWork controller (RNC) and a base 
transceiver station (BTS) in a 3G netWork. In a 4G netWork 
according to the present invention, the RAR includes a plug & 
play function to incorporate the frequent connection or dis 
connection of netWork devices. Accordingly, When a neW 
RAR 47d is installed on a netWork in Which synchronization 
has been already accomplished, the RAR 47d automatically 
synchronizes With neighbor RARs. 

FIG. 5 is a diagram illustrating a data structure for a multi 
connection in an OFDM-based system according to a pre 
ferred embodiment of the present invention. 
As shoWn in FIG. 5, in order to accomplish a semi-soft 

handover according to the present invention, the bandWidth of 
a doWnlink may be classi?ed into tWo parts. One part is 
dedicated data bands 53a, 53b and 530 for transmitting data. 
The other part is a dedicated control band 55 used for synch 
channel (SCH), a broadcast channel (BCH), a common pilot 
channel (CPICH) and a semi-soft handover control channel 
(SSHCCH). 

FIG. 5 illustrates the case in Which three RARs transmit 
data to three different terminals. Herein, the RARs transmit 
the data through the dedicated data bands 53a, 53b and 530 
and transmit control signals such as signals for supporting a 
handover through the dedicated control band 55. The dedi 
cated control band 55 is divided to be assigned to control 
channels 55a, 55b and 550 of the terminals. 

In other Words, the RARs are distinguished from each other 
by the assigned unique control channels 55a, 55b and 550. In 
each RAR, a part of the dedicated control band [PLEASE 
CONFIRM.], except for the control channel assigned to the 
terminal is zero padded, dedicated control band, and the con 
trol channels 55a, 55b and 550 of the RARs are multiplexed 
and transmitted to the terminals. The terminals having 
received the multiplexed control channels 55a, 55b and 550 
through the dedicated control band 55 decode the control 
channels transmitted to the terminals, and receive data 
received from corresponding RARs through the dedicated 
data bands 53a, 53b and 530. 
The dedicated control band 55 may be multiplexed by 

means of a multiplexing scheme such as a FDM and a code 
division multiplexing CDM. 

In the embodiment according to the present invention, a 
case in Which three RARs communicate With three terminals 
has been described as an example. HoWever, the number of 
RARs and the number of terminals ate not limited to three and 
may change according to a system and channel environments. 

In the communication system With the aforementioned 
structure, When one terminal receives a dedicated control 
band including control channels transmitted from multiple 
RARs and restores the received dedicated control band, syn 
chronization of a symbol unit is required. In particular, a neW 
RAR is installed on a netWork in Which synchronization has 
already been accomplished, the neW RAR must perform sym 
bol synchronization With other RARs on the netWork. 

FIGS. 6A and 6A are diagrams illustrating a symbol syn 
chronization method according to one embodiment of the 
present invention. 
As shoWn in FIG. 6A, a symbol received from a neW RAR 

is received later than a symbol received from the existing 
RAR by time error D. Herein, since the time error D is greater 
than the length of a cyclic pre?x of an OFDM symbol, a 
dedicated control band cannot be restored With respect to the 
characteristics of an OFDM system performing an FFT. 
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In a ?rst embodiment of the present invention, When a neW 
RAR is installed on a network, the neW RAR repeatedly 
transmits the same symbol tWice and a terminal performs an 
FFT by the sum of a symbol interval and a cyclic pre?x. 
As shoWn in FIG. 6B, When the neW RAR repeatedly 

transmits the same symbol 62 tWice, the time error D betWeen 
the symbols from the tWo RARs is greater than the length of 
the cyclic pre?x. Even though the symbol A of the existing 
RAR and the symbol E of the neW RAR is cannot be synchro 
nized in a ?rst FFT interval of a terminal, the symbol B of the 
existing RAR can be synchronized With the symbol E of the 
neW RAR in a second FFT interval. This can be accomplished 
by combining the ?rst symbol E component and the second 
symbol E component of the neW RAR received in the second 
FFT interval. 

FIG. 7 is a diagram illustrating a synchronization process 
When the number of times a symbol is repeated is set to be 3 
in the symbol synchronization method according to the 
present invention. 

In FIG. 7, the neW RAR repeatedly transmits the same 
symbol 62 three times. The symbolA of the existing RAR and 
the symbol E of the neW RAR cannot be synchronized in the 
?rst FFT interval. The symbol B of the existing RAR syn 
chronizes With the repetition symbol E of the neW RAR in the 
second FFT interval, and the symbol C of the existing RAR 
also synchronizes With the repetition symbol E of the neW 
RAR in a third FFT interval. 
As described above, as the number of symbol repetitions of 

the neW RAR increases, the number of synchronization errors 
due to a time error betWeen the symbols of the tWo RARs 
decreases c, thereby improving the synchronization reliabil 
ity. 

FIG. 8 illustrates the case Where the number of symbol 
repetitions of the neW RAR is 4. Herein, symbol synchroni 
zation can be performed similarly to the cases in Which the 
number of symbol repetitions is 2 and 3, and the synchroni 
zation reliability is increased. 

FIG. 9 is a diagram illustrating a symbol synchronization 
method according to a second embodiment of the present 
invention. 
As shoWn in FIG. 9, in the second embodiment of the 

present invention, a neW RAR repeatedly transmits the same 
symbols similarly to the ?rst embodiment and the existing 
RAR also repeatedly transmits the same symbols. In the 
second embodiment, the same symbols are repeatedly trans 
mitted tWice, but the number of times for transmission of the 
same symbols may change. 
When the neW RAR is installed on a netWork, the neW RAR 

repeatedly transmits the same symbol 62 tWice. 
When only the neW RAR repeatedly transmits the symbol 

similarly to the ?rst embodiment, inter-carrier interference 
ICI occurs in an interval in Which symbol synchronization is 
broken. Therefore, synchronization channel information 
transmitted to the existing RAR is damaged, so that the reli 
ability of information transmitted to a terminal is decreased. 

In order to prevent the aforementioned data loss, the exist 
ing RAR also repeatedly transmits the same symbols 62 and 
64 by means of time diversity When the neW RAR is installed 
on the netWork. The installation of the neW RAR can be 
understood by a synchronization request message broad 
casted to RARs, for Which synchronization has already been 
accomplished, When the neW RAR is installed on the netWork. 
Accordingly, When receiving the synchronization request 
message, a reference RAR among RARs installed on the 
netWork starts to repeatedly transmit the same symbols 61 and 
63 by the same number of times as that of the symbol repeti 
tion of the neW RAR. 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
As described above, the existing RAR and the neW RAR 

repeatedly transmit the symbols by the same number of times, 
a fast synchronization can be accomplished and inter-carrier 
interference for the existing RAR can be reduced. 

In FIG. 9, even though synchronization cannot occur in a 
?rst FFT interval and a third FFT interval of a terminal, 
symbol synchronization of the existing RAR and the neW 
RAR is accomplished in a second and a fourth FFT interval. 
Further, even though information of the ?rst and the third 
symbol of the existing RAR is lost by inter-carrier interfer 
ence, information can be obtained from a second symbol 
Which is the copy of the ?rst symbol and a fourth symbol 
Which is the copy of the second symbol. Accordingly, inter 
ference for the existing RAR can be reduced. 

FIG. 10 is a diagram illustrating a symbol synchronization 
method according to a third embodiment of the present inven 
tion. 
As shoWn in FIG. 10, in the third embodiment of the 

present invention, the existing RAR and a neW RAR repeat 
edly transmit symbols 61, 62, 63 and 64 by the same number 
of times similarly to the second embodiment. HoWever, dif 
ferently from the ?rst and the second embodiments, each 
RAR uses unique cyclic pre?x 67 and 68 according to each 
RAR, Which are present as guard intervals. In other Words, 
each RAR uses a unique knoWn PN sequence alWays having 
the same pattern in a time axis through a precoding as a guard 
interval. Accordingly, a terminal receives a unique knoWn PN 
sequence 67 of the existing RAR from the existing RAR 
together With the repetition symbols 61 and 63, and receives 
a unique knoWn PN sequence 66 of the neW RAR from the 
neW RAR together With the repetition symbols 62 and 64, 
thereby increasing the reliability of correlation betWeen sym 
bols. Consequently, the accuracy of synchronization is 
improved. 
When symbols are repeatedly transmitted and synchroni 

zation is thus accomplished in the same manner as those of the 
aforementioned embodiments, each RAR transmits symbols 
only once to increase the transmission rate. 
As described above, in a symbol synchronization method 

according to the present invention, a bandWidth of a doWnlink 
is classi?ed into tWo sub-bandWidths in order to support the 
multi-connection of a terminal With RARs, and one sub 
bandWidth is multiplexed to control channels, and the control 
channels are assigned to the RARs, so that the terminal can 
perform the multi-connection for multiple RARs by means of 
one physical layer module. 

Further, in a symbol synchronization method according to 
the present invention, When a neW RAR is connected to a 
network, an existing RAR or a neW RAR repeatedly transmits 
the same symbols by several times for synchronization, so 
that quick and reliable synchronization can be accomplished. 

Furthermore, in a symbol synchronization method accord 
ing to the present invention, a knoWn PN sequence is used as 
a guard interval, thereby increasing the reliability of correla 
tion betWeen symbols and thus improving the accuracy of 
synchronization. 
While the invention has been shoWn and described With 

reference to certain preferred embodiments thereof, it Will be 
understood by those skilled in the art that various changes in 
form and details may be made therein Without departing from 
the spirit and scope of the invention as de?ned by the 
appended claims. 
What is claimed is: 
1. A symbol synchronization method in a multi-carrier 

based communication system Which includes multiple access 
nodes supporting Wireless connections of terminals, supports 
multi-connections of each terminal for the access nodes, and 
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performs synchronization by means of a cyclic pre?x, the 
symbol synchronization method comprising: 

determining numbers of retransmissions of identical sym 
bols for respective access nodes connected to a terminal; 

transmitting, by the access nodes, the respective identical 
symbols the determined numbers of times; 

performing synchronization, by the terminal, based on the 
symbols received from the respective access nodes. 

2. The symbol synchronization method as claimed in claim 
1, Wherein the symbols received from the access nodes are 
processed by a unit of a fast Fourier transform (FFT) length of 
the terminal. 

3. The symbol synchronization method as claimed in claim 
2, Wherein the FFT length is the sum of a symbol interval and 
a length of a cyclic pre?x added to a corresponding symbol. 

4. The symbol synchronization method as claimed in claim 
3, Wherein the number of retransmission of the identical 
symbol by a ?rst access node is l and the number of retrans 
mission by a second access node is at least 2. 

5. The symbol synchronization method as claimed in claim 
4, Wherein each access node adds an identical cyclic pre?x to 
the symbols to be retransmitted. 

6. The symbol synchronization method as claimed in claim 
3, Wherein the access nodes retransmits the identical symbols 
at least tWice, respectively. 

7. The symbol synchronization method as claimed in claim 
6, Wherein each access node adds an identical cyclic pre?x to 
the symbols to be transmitted. 

8. A symbol synchronization method in an OFDM-based 
communication system Which includes multiple access nodes 
supporting Wireless connections of terminals, supports multi 
connection of each terminal for the access nodes, and per 
forms synchronization by means of a cyclic pre?x, the sym 
bol synchronization method comprising the steps of: 

monitoring for a connection of a neW access node; 
setting a number of retransmissions of an identical symbol 

for the neW access node and a number of retransmissions 
of a identical symbol for at least one existing access node 
When the connection of the neW access node is detected; 
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8 
transmitting, by the access nodes, the identical symbols the 

determined number of retransmissions, respectively; 
and 

performing, by the terminal, synchronization using the 
symbols received from the access nodes. 

9. The symbol synchronization method as claimed in claim 
8, Wherein the symbols received from the access nodes are 
processed by a unit of a fast Fourier transform (FFT) length of 
the terminal. 

10. The symbol synchronization method as claimed in 
claim 9, Wherein the FFT length is the sum of a symbol 
interval and a length of a cyclic pre?x added to a correspond 
ing symbol. 

11. The symbol synchronization method as claimed in 
claim 10, Wherein the number of retransmissions of the iden 
tical symbol by the neW access node is set to be, over at least 
2 and the number of retransmission of the identical symbol by 
the existing access node is set to be 1. 

12. The symbol synchronization method as claimed in 
claim 11, Wherein the identical symbols have the identical 
cyclic pre?xes. 

13. The symbol synchronization method as claimed in 
claim 11, Wherein the cyclic pre?x is precoded in the fre 
quency domain so as to be identically generated in each 
symbol in the time domain by an inverse fast Fourier trans 
form (IFFT). 

14. The symbol synchronization method as claimed in 
claim 10, Wherein the number of retransmissions of the iden 
tical symbols for the neW access node and the existing access 
node are set to at least 2, respectively. 

15. The symbol synchronization method as claimed in 
claim 14, Wherein the symbols to be retransmitted are added 
by an identical cyclic pre?x. 

16. The symbol synchronization method as claimed in 
claim 14, Wherein the cyclic pre?x is precoded in the fre 
quency domain so as to be identically generated in each 
symbol in the time domain by an lFFT. 

* * * * * 


